reported a novel genus with type species Marinicola seohaensis SW-152 T isolated from seawater. On the basis of genomic, chemotaxonomic and phenotypic analyses, the genus Marinicola was then transferred to the genus Roseivirga by Nedashkovskaya et al. (2005b) . Lau et al. (2006) have proposed M. seohaensis T as Roseivirga seohaensis T based on phylogenetic analyses. Later, Nedashkovskaya et al. (2008) reclassified R. seohaensis T as a later heterotypic synonym of R. ehrenbergii KMM 6017
T based on DNA-DNA relatedness and phenotypic characterization. Although wet-lab DNA-DNA hybridization (DDH) is technically rigorous, inconsistent results are generated depending on the variable laboratory method employed (Colston et al., 2014) . With the rapid progress in genome sequencing time, a digital DNA-DNA hybridization (dDDH) alternative for wet-lab DDH was introduced a few years ago. This in silico method is more reliable and is gaining wide acceptance as a new standard for defining microbial species (Meier-Kolthoff et al., 2013) .
In this study, we report the polyphasic analysis including average nucleotide identity (ANI), dDDH and percentage of conserved proteins (POCP) values for Roseivirga spp. via in silico methods and suggest that (1) R. ehrenbergii SW-152 should be reclassified back as R. seohaensis T and (2) strain D-25
T represents a novel subspecies of R. seohaensis SW-152 T .
In September 2013, strain D-25 T was isolated from seawater samples collected from Desaru Beach located in Johor, Malaysia. Based on 16S rRNA gene sequences, this strain was phylogenetically affiliated to species of the genus Roseivirga. For a comparative polyphasic analysis, the reference strains of the genus Roseivirga, R. ehrenbergii KMM 6017 T , R. echinicomitans KMM 6058 T , R. spongicola UST030701-084 T and R. ehrenbergii SW-152, were obtained from the respective culture collection centers. The strains were cultivated at 30 C for 48 h on marine agar (MA) 2216 (BD Difco) and marine broth (MB) 2216 (BD Difco), unless specified otherwise.
Strain D-25
T was isolated by the standard serial dilution technique of (10 À1 -10 À9 ), and 0.1 ml was transferred on MA plates. The colony size, shape and colour were determined after 48 h incubation at 37 C. Gram staining was performed according to Madigan et al. (2009) . Scanning electron microscopy (JEOL JSM-6390LV) was used for cell morphology observation. The cells were grown in MB and fixed on cellulose filter membrane with 2.5 % (v/v) glutaraldehyde and dehydrated using ethanol. Gliding motility was determined as described by Bowman (2000) . API 20E, API 20NE, API 50 CHB/E and API ZYM (bio-M erieux) were used according to the manufacturer's instructions with an incubation temperature of 30 C. GN2 MicroPlates (Biolog) were used to determine the ability of strain D-25 T to oxidize various carbon compounds based on the manufacturer's instructions. The oxidase reaction was assessed using 1 % (w/v) N,N,N,N,-tetramethyl-1,4-phenylenediamine reagent (Sigma-Aldrich), and catalase activity was tested using 3 % (v/v) H 2 O 2 . Other phenotypic analyses, which include the hydrolysis of Tween 20, Tween 40, Tween 60, Tween 80, casein, starch, tyrosine, xanthine, hypoxanthine and cellulose (CM-cellulose), were conducted according to the protocols of Smibert & Krieg (1994) . Antibiotic discs [ampicillin (10 µg), bacitracin (45 µg), chloramphenicol (100 µg), erythromycin (60 µg), gentamicin (10 µg), kanamycin (50 µg), lincomycin (30 µg), neomycin (30 µg), novobiocin (5 µg), oleandomycin (15 µg), penicillin G (10 IU), polymixin B (300 IU), streptomycin (10 µg) and tetracycline (45 µg)] were used to determine the susceptibility of strain D-25 T based on the method described by Nokhal et al. (1983) .
The temperature range of 4-45 C with 30 h incubation period for growth was determined on MB and MA. The effect of pH on cell growth was tested in the range of pH 4.0-11.0 (in increments of 0.5 pH unit) in MB buffered using four buffer systems (at a molarity of 100 mM): sodium acetate buffer (pH 4.0-5.0), phosphate buffer (pH 6.0-7.0), Tris/HCl buffer (pH 8.0-9.0) and glycine/NaOH buffer (pH 10.0-11.0). The pH value was verified after sterilization and adjusted accordingly. Salinity requirements with different NaCl concentrations (0-9 %, w/v) at 37 C were determined using tryptic soy broth medium (17.0 g l À1 casein peptone, 3.0 g l À1 soybean meal, 2.5 g l À1 disodium phosphate and 2.5 g l À1 glucose) for strain D-25 T .
Analysis of DNA G+C content, isoprenoid quinones, polar lipids and fatty acids was performed by the Identification Service of the Leibniz-Institut Deutsche Sammlung von Mikroorganismen und Zellkulturen, Braunschweig, Germany. The DNA G+C content was determined using HPLC as described previously by Tamaoka & Komagata (1984) . Isoprenoid quinones were analysed by using TLC and HPLC (Tindall, 1990) , while TLC was used to detect polar lipids according to Tindall et al. (2007) . Extraction of fatty acids and determination of the cellular fatty acid profile were carried out by using the Sherlock Microbial Identification System (version 6.1), based on the instructions of the Microbial Identification System (MIDI) (Paisley, 1996) .
Universal primers of 16S rRNA gene 27F and 1525R were used to amplify the 16S rRNA gene of strain D-25 T . The 16S rRNA sequence of strain D-25
T was compared against sequences from the National Center for Biotechnology Information database and EzTaxon-e server (Kim et al., 2012) . Phylogenetic analysis between strain D-25 T and closely related sequences from the family Flammeovirgaceae was performed by using MEGA 6 (Tamura et al., 2013) . The phylogenetic trees were reconstructed using neighbourjoining and maximum-likelihood algorithms with 1000 randomly selected bootstrap replications (Felsenstein, 1981; Saitou & Nei, 1987 Qin et al. (2014) .
Strain D-25 T grew aerobically, forming pink-pigmented, circular, entire-edged, convex, smooth colonies with a glistening surface. Colonies were 1.0-3.0 mm in diameter after 48 h on MA at 37 C. The strain was Gram-negative and non-motile. Based on scanning electron microscopy analysis, the cells were 0.5-0.7 µm in width and 1.4-2.5 µm in length (Fig. S1 , available in the online Supplementary Material). Growth of strain D-25 T occurred at 4-40 C (optimum, 37 C) and at pH 5.0-10.0 (optimum, pH 7.0). The strain can tolerate NaCl in the range of 2-5 % (w/v) with optimum growth at 2 % (w/v). The physiological characteristics of strain D-25
T and other reference strains are listed in Table 1 and given in the species description.
The DNA G+C content of strain D-25 T was 39.3 mol%. The predominant isoprenoid quinone identified in strain D-25 T was menaquinone-7 (MK-7), which is compatible with that of the type species R. ehrenbergii KMM 6017 T (Nedashkovskaya et al., 2005a) . The major polar lipids detected in strain D-25 T were one phosphatidylethanolamine (PE) and one lipid (L). The other polar lipids found in this strain were three lipids (L), one aminolipid (AL), one phospholipid (PL) and two glycolipids (GL) (Fig. S2) . Phosphatidylethanolamine also was found in R. ehrenbergii SW-152 as one of the major polar lipids (Yoon et al., 2005) . The major fatty acids detected in strain D-25
T were iso-C 15 : 1 G (26.5 %) and iso-C 15 : 0 (25.8 %). The following cellular fatty acids accounted for more than 1 % of the total: iso-C 13 : 0 (4.7 %), anteiso-C 15 : 0 (4.7 %), iso-C 15 : 0 3-OH (5.7 %), iso-C 16 : 0 3-OH (5.4 %), C 16 : 0 3-OH (1.7 %), iso-C 17 : 0 3-OH (10.1 %), C 17 : 0 2-OH (1.3 %) and summed feature 3 (iso-C 15 : 0 2-OH/ C 16 : 1 !7c) (3.6 %). The fatty acid composition of strain D-25
T was highly similar to that of R. ehrenbergii SW-152, although there were slight differences in the amounts of the fatty acids ( Table 2 ).
The 16S rRNA gene sequence analysis of strain D-25 T (1505 bp) showed that the strain was closely affiliated to species of the genus Roseivirga. Strain D-25
T was found to be most closely related to R. ehrenbergii SW-152 (100 % sequence identity with a query cover of 97 %). In addition, strain D-25 T shared only 96 and 97 % of pairwise similarities against (Pan et al., 2015) . 
ND Enzyme activities
Cystine arylamidase T was included in a subcluster within the genus Roseivirga, with the closest relative being R. ehrenbergii SW-152 in both maximum-likelihood and neighbour-joining phylogenetic trees (Figs 1 and S3 ).
In the era of genomics, ANI and GGDH became the most promising alternative methods to DDH experiments, which has been used for nearly 50 years, as the gold standard for prokaryotic species delineation (Richter & Rosselló-Móra, 2009; Schumann et al., 2009) . Generally, ANI values of 95-96 % are equal to a DDH threshold of 70 % for defining species (Goris et al., 2007) , and GGDH values with probability indicated the predicted DDH value with a similar threshold of 70 % (Meier- Kolthoff et al., 2013) . Recently, a novel method of POCP was proposed for genus definition with a boundary value of 50 % (Qin et al., 2014) .
From the genome analysis, we found that R. ehrenbergii SW-152 and R. ehrenbergii KMM 6017
T had an ANI of 92.39 %, which was below the 95 % threshold. In addition, genome-to-genome distance calculator predicts a dDDH value of 48.80±2.61 %, corresponding to a 15.95 % probability of a dDDH value above the 70 % threshold (Table S1 ). The POCP value between both strains is 77.67 % (Table S2 ). Based on differences of phenotypic, chemotaxonomic and genotypic features between R. ehrenbergii SW-152 and R. ehrenbergii KMM 6017 T including the ability to produce valine arylamidase, a-chymotrypsin, and N-acetyl-b-glucosaminidase, gliding motility, pigmentation, susceptibility to polymixin B, composition of fatty acids, ANI and dDDH values, we propose that R. ehrenbergii SW-152 should be reclassified back as the species Roseivirga seohaensis SW-152 T comb. nov.
The ANI value for strain D-25 T and R. seohaensis SW-152 T was 97.22 %, which was above the 95 % threshold. The genome-to-genome distance calculator estimates a value of 75.30±2.90 %, corresponding to an 86.16 % probability of a dDDH value above the 70 % threshold (Table S1 ), while the POCP value indicated 92.43 % (Table S2) . These results support the designation of D-25 T as a member of the species R. seohaensis SW-152 T .
All of the features indicated for strain D-25 T are in accordance with those described for the genus Roseivirga. The paucity of phenotypic, chemotaxonomic and genotypic differences does not clearly designate strain D-25 T as a novel species. Some variation of phenotypic, chemotaxonomic and genotypic features including ANI, dDDH values, fatty T with other genera from the family Flammeovirgaceae. The tree was reconstructed based on 16S rRNA gene sequences aligned using CLUSTALW from MEGA version 6. It was performed using the maximum-likelihood method with the Kimura 2-parameter model. The sequence of Psychroflexus torquis ACAM623
T was used as an outgoup. Bar, 0.1 substitutions per nucleotide position.
Reclassify Roseivirga ehrenbergii SW-152 as Roseivirga seohaensis; propose Roseivirga seohaensis subsp. aquiponti subsp. nov.
acid composition, ability to grow in the presence of NaCl, gliding motility and resistance to bacitracin and lincomycin suggested that the isolate belongs to the same species but has variation that could justify designation as a subspecies (Brady et al., 2012) . Therefore, we propose to designate strain D-25 T as a subspecies of the species Roseivirga seohaensis comb. nov. as Roseivirga seohaensis subsp. aquiponti subsp. nov. according to the species concept of prokaryotes.
Description of Roseivirga seohaensis comb. nov.
Roseivirga seohaensis (seo.ha.en¢sis. N.L. fem. adj. seohaensis of Seohae, the Korean name for the Yellow Sea in the Republic of Korea, from where the type strain was isolated).
Basonym: Marinicola seohaensis Yoon et al. (2005).
The description is identical to that given for M. seohaensis by Yoon et al. (2005) but differs from R. ehrenbergii in the following: negative for production of naphthol-AS-BI-phosphohydrolase and positive for acid production of D-sorbitol, aesculin ferric citrate, potassium 2-ketogluconate and potassium 5-ketogluconate. Other dissimilar characteristics are given in the study above. The cells range from 0.5 to 0.6 µm in width and 1.1 µm in length (Fig. S4) Emended description of the genus Roseivirga Nedashkovskaya et al. 2005 Roseivirga (ro.se.i.vir´ga. L. adj. roseus, -a, -um pink coloured; L. fem. n. virga rod; N.L. fem. n. Roseivirga a pinkcoloured and rod-shaped marine bacterium).
The characteristics are essentially as described by Nedashkovskaya et al. (2008) . Additionally, growth occurs at 4-40 C with pH ranges between 5.0 and 10.0. Growth is observed at 0-13 % (w/v) NaCl. The main cellular fatty acids are iso-C 15 : 0 , iso-C 15 : 1 G, iso-C 17 : 0 3-OH and iso-C 16 : 0 3-OH.
